Bently’s Corner 





By Don Bently 

Cracked shafts are most commonly 
detected by non-touching shaft 
probes observing excessive vibration 
at rotative speed, according to docu- 
mented data. Yet, the cracks have 
net been detected as early as they 
could be if two methods were used. 
This column discusses these methods. 

Documents on the saves of cracked 
shafts reveal the shalt radial vibra- 
tion leve] increased slowly at first 
and rapidly in the fina! stages. One 
documented case noted an increase 
of l| peak-to-peak mil per hour. 
These saves showed lateral cracks of 
60 percent cepth-to-diameter ratic. 

It is excellent that these saves are 
occuring, but it is very desirable io 
know that a crack exists sooner than 
the 60 percent figure. 

There are two solid means cf de- 
tecting cracks at earlier levels. The 
first method is online documentation 
consisting of the normal variations of 
amplitude and phase vectors ol 
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Detecting cracked 
shafts at earlier levels 


radial vibration. The second method 

is the recording and subsequent data 
reduction of radial vibration on start- 
ups, coastdowns, and heat spin tests 

of turbines and generators. 

All known tests currently used to 
detect cracks, such as ultrasonic, 
fvglow, Magnatlux, and visual in- 
spection, etc., should ne continued. 
These tests are in addition to the 
methods we are discussing today, but 
de not involve disassembly of the 
machine train. 

Online Crack Detection 

This method invelves plotting each 
shaj displacement motion point 
monitored: vertical and horizontal 
shatt displacement {shaft dis- 
placement with respect to the hous- 
ing, and shaft displacement with re- 
spect to the tree space, i.e. dual pro- 
be, if available). Make a polar plot 
history ol the rotative displacerment 
motion vector as a function of time, 
as well as of megawatts, horse- 

foonmlinued on poge Jt! 
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Figure 1: Typical “shotgun” patterns of rotative motion vectors 
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foomtinued from page 2) 
power, field current, steam condi- 
‘ion, or other factors which influ- 
ence the shaft rotative speed re- 
sponse vector. 

Plotted over a period of time and 
load, a “shotgun pattern” of the nor- 
mal rotative speed vibration vector 
distribution will be established. 
Typical polar plot histories are 
shown in Figures J and 2. 

In the historical polar plot of each 
nearing, 4 lateral crack will appear 
as a shaft bow. The shaft bow, in 
turn, will exhibit a vector pattern 
outside this range, 

This online crack detection meth- 
od should yield reliable indication 
ol a crack much earlier than the 60 
percent range at which machines 
are currently shut down. Cracks in 
the order of 40 percent may be spot- 
ted using this historical sampling 
iechnigue. Surely the indication will 
be much earlier and, therefore, bet- 
ter than shutdown on gross vibration 
level. 

In making this measurement, the 
machine train must be equipped 
with at least vertical and horizontal 
shalt relative displacement probes al 
each pearing, and ideally with dual 
probes to measure shalt absolute 
displacement as well. A Bently 
Nevada vector filter is recuired to 
resolve the rotative speed (14) com- 
ponent ol each displacement motion. 
This can be accomplished by using 
a Bently Nevada Smart Monitorë, a 
Bently Nevada Turbine Supervisory 
Instrumentation system with a Dig- 
ital Vector Filter installed in the 
monitor rack (DVF-Rj, or with a 
Bently Nevada vector filter multiple 
(VF-M). 

Portable instruments, such as the 
Digital Vector Filter 2 (DVE 2) or 
TE-20, may also be utilized ta meas- 
ure rotational speed vectors. The 
historical polar plot for each racial 
displacement vibration probe can be 
posted by hand or by a Bently 
Nevada Smart Monitor Host Proces- 
eT. 

The results should be periodically 
monitored by the responsible prod- 
uction management as well as by the 
responsible equipment engineer, 
Readings outside the historical pat- 
tern should cause major concern. 
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Figure 2: 2X response of cracked shaft (sawcut 20% of diameter) 





A typical graph of the expected 
behavior of the twice rotative speed 
vibration vector is shown in figure 2. 
Startup and Shutdewn Vibration 
Recording. and 2X Data Reduction 

In the early history of rotor 
mechanics, the behavior of an asym- 
metric shalt was observed. Over a 
long period of years, more than 50 
papers have appeared on this sub- 
ject. It is well known that a lateral 
crack produces asymmetric soring 
restraint and that if the rotor is load- 
ed by a soft preload, such as a hori- 
zontal machine with soft gravity pre- 
load, the rotor responds to this twice 
per turn reaction of gravity by pro- 
ducing 4 special Mathieu equation 
effect generally called the “gravity 
critical." 

An excellent paper trom the 
United Kingdom about 15 years ago 
noted this “gravity critical’ as a 
method of detecting a crack. Anoth- 
er important work has been recently 
published by Kanki, Shiraki, and Ir- 
agaki (Mitsubishi), entitled Trans- 
verse Vibration of a General 
(Cracked-Rotor Bearing System” 
(ASME 81DET-45)}. This work is a 
reatlirmation of the “gravity critical” 
technique using the latest diagnostic 
tools produced by Bently Nevada. 

Three steps are required to per- 
form this second method of crack 
detection. First, during each startup 
and shutcown at the machine train, 
use a FM tape recorder or an ecquiv- 


alent digital system to document the 
Keyphasor signal and the radial 
shalt displacement signals, both ver- 
tical and horizontal if possible, to 
determine the shaft relative dis- 
placement and the shaft absolute 
displacement, if available. 

Then document the rom region of 
the first self-balance resonance 
speed (lirst critical) of the span each 
transducer is observing. {(Documen- 
tation of the second selt-balance 
resonance speed may also be 
useful.) 

Finally, using a Bently Nevada 
ADRE” system, set the Bently 
Nevada Digital Vector Filter for 2X 
and study each racial vibration 
channel in the rpm range of 40-60 
percent of the documented self- 
balance resonance. (For example, if 
the first self-balance resonance is 
[500 rpm, run 2% rotative speed 
response in the region of 600-900 
rpm.) 

li the shalt is asymmetric due to 4 
crack, a vertical and horizontal 
polar plot of the 2X rotative speed 
“gravity critical’ response will be 
observed. Be sure that a foundation 
or piping resonance of the rotor sys- 
tem is nof in this same rpm range by 
observing the casing response along 
the machine train. The best data will 
probably be obtained during coast- 
down due to the absence of cold 
thermal bows and “hot” running 
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This 2X “gravity critical“should 
be plotted in polar form, With the 
normal damping of a rotor system, 
lateral cracks of as little as 10 per- 
cent cepth-tao-diameter ratio are 
readily detected. This is at a much 
earlier crack stage than other assem- 
bled tests can accom\elish. 

Three warnings regarding the sec- 
ond method are pertinent. First, a 
crack at a purely vertical shear point 
(no bending moment} may not be ob- 
served by either method. 

second, this method is very sensi- 
tive to damping. Either a large crack 
or poor damping may cause corm- 
plete rotor destruction at “gravity 
critical” and/or at first self-balance 
rescnance speed, Use shaft bow limit 
clearance bearings at the center of 
the rotor to ensure safety during spin 
pit tests. (During startup or shut 
down of the machine, the internal 
seals usually act as vibration limiting 
aevices. | 

Third, there is some cross coupling 
of 1X motion {due to unbalance) to 
the size and orientation of the 2% 
polar plot. Good trim balance is de- 
sirable for best results. 

Summary 

It is strongly recommended that 
the online polar plotting method of 
the 1% radial displacement motion 
vector history be instituted. This 
makes it possible te see deviations in 
the unbalance of the rotor system 
which may be caused by a propa- 
gating lateral shaft crack. 

We also recommend that all start- 
ups and shutdowns be tape recorded 
for subsequent diagnostic review for 
24 polar plot “gravity critical” be- 
havior, Ol course, review any avail- 
able tape recordings previously 
taken of your rotating machinery for 
this mechanism. (Note that this test 
dees not apply to vertical machines 
unless some other solt preload re- 
places the lateral effect ol gravity.) 

As compared to other categories of 
machine malfunctions, cracked shafts 

are very rare. A broken shalt, how- 
ever, can be just as dangerous as a 
fire in an oxygen machine. Any ma- 
chine with a suspected cracked shalt 
should be shut down and operated 
only under dire emergency produc- 
tion conditions. 

Dr, Agnes Muszynska will present 
a paper on this subject in October at 
the National Research Council of Ca- 
nada conference in Edmonton. The 
paper provides new insights into the 
behavior and detection of cracked 
shatts. 
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37906 Digital Tachometer. Assists 
machine operators in performing 
start-up procedures. 

Request Literature Number LO400. 


Watertight Fiberglass Proximitor 
and Interface Module Housings. 
Protects Bently Nevada Proximiters 
and interface units from corrosive 
and wet environments. Rated NEMA 
4% when properly installed. 
Request Literature Number LOST?. 


TK-20 Portable Vector Filter Ma- 
chinery Balancing and Diagnostic 
Kit (Revised). Qutputs amplitude, 
phase angle, and machine speed for 
Bede’ plets and determines mechan- 
ical impedance using perturbation 
techniques. 

Request Literature Number LO392. 


9000 2-4 Channel Vibration Moni- 
tor (Revised). Olfers a common 
readout of all channels in a monitor- 
ing rack. 

Request Literature Number LO130. 


72645 Ramp Differential Expansion 
Monitor (Revised). Provides contin- 
ucus monitoring of the axial clear- 
ance between a rotor and its case, 
Request Literature Number L025. 


72180 Weatherproof Housing. 
Meets NEMA 4 requiremenis. 
Enables operator to view meter dis- 
play without compromising the in- 
tegrity of the housing. 

Request Literature Number LO405. 





72980 Dual TC Temperature Moni- 
tor. Provides two complete channels 
of temperature measurement. 
Request Literature Number LOSS. 


72730 Digital Vector Filter (DVF-R) 
(Revised). Provides continucus 
measurement of amplitude, speed, 
and phase data for the selected 
vibration input channel, 

Request Literature Number LO106. 
72790 Tachometer (Revised). Frc- 
vides continuous machine speec 
measurement anc readout. 

Request Literature Number LOLOY. 


24701 Stainless Steel Relative 
Probe Housing Assembly (Revised). 
A ruggedly constructed unit that 
meets NEMA 4X requirements when 
correctly installed, 

Request Literature Number LUZS1. 


21128 Stainless Steel Velocity 
Transducer Housing (Revised). Pro- 
tects lransducer in hazardous or 
corrosive environments. Meets 
NEMA 4X recquiremenis. 

Request Literature Number LOZ82. 


High Pressure Feedthrough (Re- 
vised). Permits the passage of elec- 
trical cables through a machine case 
in applications where substantial 
pressure differential exists. 

Request Literature Number LOO6S. 


Explosion-Proof Proximitor/Inter- 
face Unit Housing. Cast aluminum 
construction protects Proximitors 
and interlace units in hazardous 
environments. 

Request Literature Number LODY1. 


